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Mefhod, Device and System for detemiixung a trar^smission power 
for ARQ related re-transmissions 

5 The present invention relates to a method, a device and a system allowing for determining an 
adapted transmission power to be employed for re-transmission being initiated on a automatic 
repeat request (ARQ)^ Particularly, the communication of data is operated via a code division 
multiple access (CDMA) system. 

10 Currently, the enhancement of uplink performance in wideband code division multiple access 
(WCDMA) of univCTsal mobile telecommmiication system (UMTS) is under development. 
Especially, high speed uplink packet access (HSUPA) is under development and standardization. 
In combination with this enhancement of uplink performance of mobile WCDMA-enabled 
terminals (also denoted as user equipment U£, e.g. a mobile UMTS-enabled terminal) 

15 communicating to base stations (also denoted as node B) fast hybrid ARQ (automatic response 
request) is to be employed for increasing the uplink data communication speed as well as the 
uplink data conmiunication cq>acity which effects both the individual uplink data 
communication speed and capacity of a mobile UMTS terminals and the total uplink data 
communication speed and capacity within the coverage of a base station. 

20 

. In wideband code division multiple access (WCDMA) several individual in principle 
independent information parts are combined using channelization procedures and scrambling 
procedures, respectively, to communicate these information parts at flie same time via one 
physical channel (i.e. within one frequency band). Channelization procedures and scrambling 

25 procedures are operated in such a manner, respectively, that the individual information parts are 
separately obtainable at the receiving side by inverse channelization procedures and inverse 
scrambling procedxires, respectively. In general, a chaimelization procedure serves to combine (or 
code) several individual information parts of for example one mobile WCDMA-enabled terminal 
whereas a scrambling procedure serves to allow a differentiation of signals generated and 

30 transmitted by for example different mobile WCDMA-enabled terminals. 

From tiie energy point of view the all signals referring to the aforementioned information parts 
are superimposed in the same frequency band at the same time and consequently each signal 
power adds to tiie total signal power transmitted within the same frequency band. But 
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unfortunately the total signal power transmitted and the interference and noise powCT are 
associated with another. Therefore and due to other reasons power control is essential in code 
division multiple access (CDMA) systems and hence also in wideband code division multiple 
access (WCDMA) systems. 

5 

A first main concern addressed by power control is denoted as the near-far problem. In case of 
sevCTal transmitting CDMA-enabled terminals being spaced at different intervals &om a 
receiving base station the nearby transmitting CDMA-enabled terminal may overpower remote 
transmitting CDMA-enabled terminals since the signals of all the transmitting CDMA-enabled 
10 terminals are superimposed in the same frequency band at the same time, A second main concern 
affects the Raleigh fading of physical transndssion channels which may be a result of multi-path 
propagation. Two main techniques are involved in the power control for transmission signals in 
wideband code division multiple access (WCDMA) systems, the open-loop power control and 
the closed-loop power control. 

15 

Open-loop power control allows a terminal for estimating required transmission power based on 
the signal power received from the base station and information about the original transmit 
power of the base station. This results to a rough estimation of the required transmission power. • 

20 Closed-loop power control allows a receiver (eith^ a terminal or a base station) to command a 
transmitter (either a base station or a terminal) to adjust the transmission power. Commands for 
adjusting tiie transmission power are based on signal-to-interference ratio (SIR) measurements 
carried out on the receiving side. The closed-loop power control is aimed at adjusting the 
transmission power such that the measured SIR value is as close as possible to a pre-determined 

25 target SIR value. These commands are transmitted on physical control channels associated with 
physical data channels in each time slot corresponding to a data packet (in case of 15 time slots 
per each 10 ms 1500 times per second). 

Additionally, a quality of service based power control technique is also employed in order to 
30 maintain a required or desired level of the quality of service (for example an effective data rate 
for a real-time application). In general, a maintairung of a required or desired level of the quality 
of service is reached by maintaining a SIR value at a corresponding level at the receiving side. 
However, the target SIR value is a frmction of the quality of service, for example in case the 
quality of service is expressed in terms of a frame error rate (FER) on tihie air interface the target 
35 SIR value is a function of the FER. A service such as a speech service or a data service of low or 
high data rate determines the acceptable FER and therefore the target SIR, The outer-loop power 
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control aflows for varying the target SIR in accordance with a quality of service requirement 
which indirectly concerns the transmission power by affecting the closed-loop power control. 

Besides the above presented power control further quality of service enhancing features are 
5 appUed in cellular communication systems and hence particularly in wideband code division 
multiple access (WCDMA) systems. Adaptive modulation and coding schemes (AMC) provide 
the flexibiUty to adapt individually the modulation and coding scheme of data to average channel 
conditions for each transmitter within a certain transmission time frame. Ad^tive modulation 
and coding (AMC) is based on an explicit carrier-to-interference ratio (C/I) measurement or 
10 related measurements. Traditionally in CDMA systems (and hence also in WCDMA systems) 
fast power control is preferably employed to adapt data transmission to varying link (chamel) 
conditions. 

Hybrid automj*tic rqpeat request (H-ARQ) is an implicit link adaptation technique. In H-ARQ, 
15 link layer acknowledgements are used for re-transmission decisions. There are many schemes for 
implementing H-ARQ - chase combining, rate compatible punctured turbo codes and incremental 
redundancy (JR). Incremental redundancy (IR) or H-ARQ type n is another implementation of 
the H-ARQ technique wherein instead of sending simple repeats of the entire coded packet, 
additional redimdant information is incrementally transmitted if the decoding fails on the first 
20 attempt 

H-ARQ type-ni also belongs to the class of incremental redundancy (IR) ARQ schemes. 
However, with H-ARQ type m, each retransmission is self-decodable which is not the case with 
H-ARQ-type H. Chase combining (also called H-ARQ type III with one redundancy version) 
25 involves the retransmission by the transmitter of the same coded data packet. The decoder at the 
receiver combines these multiple copies of the transmitted packet weighted by the received 
signal-to-noise ratio (SNR). Diversity (time) gain is thus obtained. In the H-ARQ type-m with 
multiple redundancy version different puncture bits are used in each retransmission. 

30 Currently in H-ARQ leaving aside aforementioned power control adaptation, the re-transmission 
power of data packets is equal to the transmission power of the original (corrupt) data packet. For 
example, in case of an implementation of H-ARQ type I with chase combining, the original data 
packet and the (first) re-transmitted data packet are combined at the receiving side under 
consideration of their respective received SNR values (weighted by their received SNR values). 

35 That is firom energy point of view, the energy of the original data packet and the energy of the 
(first) re-transmitted data packet are added (combined) wei^ted by tiieir SNR values. The 
resulting combined data packet has a combined SNR value corresponding to the SNR values. In 
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case the combined SNR value is lower than a decode threshold value decoding of the combined 
data packet is not possible and a new re-transmission for combining is required. In the other case 
the combined data packet having a combined SNR value being equal or exceeding the decode 
threshold value is decodable. The exceeding of the combkied SNR value above the required 
5 decode threshold value is not necessary for decoding and limits the performance of data 
communication. 

The object of the invention is to provide at least one method for adjusting the transmission power 
of a data re-transmission due to an automatic repeat request (ARQ). The object of the invention 
10 is achieved with a method for adjusting Hie pov/er of re-transmission, corresponding devices 
adapted to perform this method, a computer program and a software tool which are disclosed in 
the independent claims. Additional embodiments of the invention are disclosed in the dependent 
claims. 

15 The method for adjusting the transmission power of an uplink re-transmission caused by an 
automatic repeat request (ARQ) according to an embodiment of the invention overcomes the 
above described state of the art problems, especially the uimecessary exceeding of the combined 
SNR value and provides a couple of advantages resulting therejfrom. The transmission power of 
the re-transmission(s) is adapted with reference to the chaimel conditions and the basic 

20 adjustment algorithm allows for fast optimizing the transmission power of data re-transmissions 
in a flexible way by varying transmission power in a rage from zero power deduction relative to 
the original transmission power to a maximal reduced power allowed in the system, wherein the 
method is based on available information and does not require any additional signaling. The 
optimized transmission power of data re-transmissions results in an efficient signal energy per 

25 bit divided by noise spectral energy OEb/No) operation in code division multiple access (CDMA) 
and particularly in wideband code division multiple access (WCDMA) sj^tems. The signal 
energy per bit divided by noise spectral energy (Eb/No) defines a value that is required to meet a 
predefined quality of service (e.g. bit error rate), wherein the noise includes both thermal noise 
and interference. An efficient Eb/No operation results in an efficient commimication link 

30 operation and an overall efficient operation of a communication cell (e.g. relating to data rate). 

According to an embodiment of the invention, a method for determining a transmission power 
factor being operable with an i-th re-transmission during an uplink data transmission between a 
mobile terminal device and a base station via a code division multiple access (CDMA) system 
35 and employing an automatic repeat request (ARQ) is provided. The uplink data transmission is 
operated in a sequence of first transmissions and i-th re-transmissions, wherein the first 
transmissions comprises data packets containing the original data divided upon a plurality of data 
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packets to be transmitted to the base station and the i-tii re-transmissions containing information 
relating to tiie automatic repeat request. 

The mobile terminal device receives a pre-defined number of status information items generated 
5 by an automatic repeat request (ARQ) process operated on the base station. A single status 
information items informs tihie mobile terminal device whether data packets transmitted firom the 
mobile terminal device and received by the base station a certain data packet is decodable or not 
decodable. Therefore, each status information item contains at least either an acknowledgement 
(ACK) item or a non-acknowledgement (NACK) item. An acknowledgement item confirms the 

10 ability of decoding whereas a non-acknowledgement item indicates that the data packet is not 
decodable. Further, a non-acknowledgement item may instruct the mobile communication device 
to transmit supplementary information items to the base station which is denoted as re- 
transmission. To each original data packet (first transmission of a data packet) one or more 
supplementary information items may be transmitted to the base station each of it instructed by a 

15 separate non-acknowledgement item. The one or more re-transmissions corresponding to a 
certain first transmission are numbered, denoted as i-th re-transmissions (i = 1, 2, 3, ...). 

A first error quantity is determined firom the received status information items wherein the first 
error quantity is equal to a number of i-th re-transmissions and a second error quantity is 
20 determined firom the received status information items wh^in the second quantity is equal to a 
number of i-th re-transmissions being responded by status information items each containing a 
non-acknowledgement item. 

Ah error ratio is derived firom the first error quantity and the second error quantity and a 
25 transmission power factor is determined from a current valid transmission power factor and a 
transmission power correction factor such that a difference between the error ratio and a pre- 
defined target error ratio is niiimnized. This new transmission power factor is operable witii i-th 
re-transmissions. 

30 According to an embodiment of the invention, deviation value is obtained from the error ratio 
from the pre-defined target error ratio. In case the first error quantity is xmequal to zero or the 
obtained deviation value exceeds a pre-defined deviation level the transmission power correction 
factor and the transmission power factor basing on the transmission power correction factor is 
finrther determined in order to minimize the deviation value. The transmission power correction 

35 factor is dqpending on at least a transmission power correction step value, the first error quantity, 
the second error quantity and Ihe pre-defined target error ratio. In case deviation value does not 
exceeds the pre-defined deviation level a current valid transmission power &ctor is maintained. 
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According to an embodiment of tiie invention, the transmission power correction factor is 
determined such that in case of tiie error ratio being greater than the pre-defined target error ratio 
the traimnission power factor is increased and in case the error ratio being smalls than the pre- 
5 defined target error ratio the transmission power factor is decreased. 

According to an ranbodiment of the invention, the error ratio is a quotient of the second error 
quantity and the first error quantity and is separately detmnined for each i-th retransmission 
resulting in a set of i-th error ratios each associated to the corresponding i-th retransmission. 

10 

According to an embodiment of the invention, the deviation value is an absolute variation value 
of a differ^ce between the i-th error ratio and the pre-defined target error ratio. The pre-defined 
deviation level with which the deviation value is compared is a pre-defined system parameter. 

15 According to an embodiment of the invention, the pre-defined deviation level which is a pre- 
defined system parameter depends on the pre-defined target error ratio the and particularly, the 
pre-defined deviation level is directly proportional to the pre-defined target error ratio. More 
particularly, the pre-defined deviation level is equal to the half of the pre-defined target error 
ratio. 

20 

According to an embodiment of the invention, the transmission power factor is a transmission 
power reduction factor. This transmission power reduction factor is defined relative to a 
transmission power which is employed for transmitting original data packets (first transmission). 

25 The aforementioned transmission power enq>loyed for transmitting original data packets is to be 
understood not to be modified due to fiirther power control mechanisms. Power control 
mechanism may be implemented to optimize the total communication transmission power of 
commxmications over the physical channels operating independently to the "kind of data 
communication". That is, in case such further power control mechanism(s) is (are) implemented, 

30 such as open-loop power control mechanism or closed-loop power control mechanism, the 
transmission power modification due to power control mechanism(s) is to be employed after 
taken the power transmission adjustment according to an embodiment of the present invention 
into consideration. 

35 According to an embodiment of the invention, the pre-defined target error ratio and the i-th target 
error rate is a target firame error ratio (target FBR) and a i-th target firame error rate of the i-th 
retransmission, respectively. 
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According to an embodiment of the invention, the transmission power conection factor is a 
product of a first fector, a second fector and a third fector. The value of the first fector is either 
equal to +1 or equal to -1. That is, the first factor defines the sign of the transmission power 
correction. The second factor is represented by following mathematical denotation: 



( 



CgPER"(l-FERr- "^ 
FER 



-1 



where Cj^j is a binomial coefficient, FER is the pre-defined target error ratio, Ni is the first error 
quantity and Ki is the second error quantity. Particularly, the binomial coefficient may be 
expressed also as = 



Ni! 



The first third factor is ida?.tical to the 



Ki!-(Ni-Ki)! 

aforementioned transmission power correction step value. 

According to an embodiment of the invention, the code division multiple access (CDMA) system 
is a wideband code division multiple access (WCDMA) system operating in a fast hybrid 
automatic repeat request (H-ARQ). Particularly, hybrid automatic repeat request (H-ARQ) is a 
fast physical hybrid automatic repeat request (PHY H-ARQ). The data packets are transmitted to 
the base station via at least one dedicated physical data channel pPDCH) and a dedicated 
physical control channel (DPCCH), wherein the one or more dedicated physical data channels 
cany the data and fimher data related information and the dedicated physical control channel 
accompanying control information. The transmission power factor is appUed selectively on the at 
least one dedicated physical data channel (DPDCH). 

According to an embodiment of the invention, a software tool for determining a transmission 
power factor being operable with an i-th re-transmission is provided. The software tool 
comprises program portions for carrying out the operations of the aforementioned methods 
according to embodiments of the invention when the software tool is implemented in a computer 
program and/or executed. 

According to an embodiment of the invention, there is provided a computer program for 
determining a transmission power factor being operable with an i-th re-transmission. The 
computer program comprises program code portions for carrying out the operations of the 
aforementioned methods according to embodiments of the invention when the program is 
executed on a processing device, a terminal device, a communication terminal device or a 
network device. 
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According to an embodiment of the invention^ a computer program product is provided which 
comprises program code portions stored on a computer readable medium for carrying out the 
aforementioned methods according to embodiments of the invention when the program product 
5 is executed on a processing device, a terminal device, a communication terminal device or a 
network device 

According to an embodiment of the invention, a mobile terminal device for determining a 
transmission power being operable with an i-th re-transmission during an uplink data 
10 transmission to a base station is provided. Therefore, the mobile terminal device comprises at 
least a communication interface, a component for determining a first error quantity and a second 
error quantity, a component for determining an error ratio and a component for determining a 
transmission power factor. 

15 The commimication interface allows for transmitting a sequence of individual data packets over a 
code division multiple access (CDMA) system supported by an automatic repeat request (ARQ) 
process, wherein a transmission of one of the sequence of individual data packets either 
corresponds to a first transmission or an i-th re-transtnission. Further, the communication 
interface allows for receiving a pre-defined number of status information items each containing 

20 at least one of an acknowledgement item and a non-acknowledgement item in accordance with 
the automatic repeat request (ARQ). 

The component for determixiing the first error quantity and the second error quantity is able to 
derive these both error quantities firom the pre-defined number of status information items. The 
25 first error quantity is equal to a number of i-th re-transmissions, whereas the second error 
quantity is equal to a number of i-tti re-transmissions each being responded a status information 
item containing a non-acknowledgement item. 

The component for determining the error ratio allows for deriving the error ratio as an i-th error 
30 ratio fi-om the first error quantity and the second error quantity and the component for 
determining a transmission power factor allows for obtaining the transmission power factor firom 
a current valid transmission power factor and a transmission power correction factor being pre- 
defined such that a difference between the i-th error ratio and a pre-defined target error ratio is 
minimized. 

35 

According to an embodiment of the invention, the mobile t^minal device fiirther comprises a 
component for comparing an deviation or an variation of a difference between the error ratio and 
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a pre-defined target enor ratio with a pre-defuied deviation level and a component for 
determining a transmission power correction. The transmission power correction factor is a 
function of at least a transmission power correction step value, the first error quantity, the second 
error quantity and the pre-defined target error ratio. According to an embodiment of the invention 
5 the component for comparing compares an absolute deviation or an absolute variation of the 
difference with the pre-defined deviation level. 

According to an embodimrat of the invention, the component for determining the transmission 
power correction factor is further able to compare the error ration and the pre-defined target error 
10 ratio. In case of the error ratio is greater the transmission power correction factor is determined 
such that transmission power factor is increased and in case the error ratio is smaller ratio the 
transmission power factor is decreased 



According to an embodiment of the invention, the component for determining the error ratio is 
15 able to calculate a quotient of the second error quantity and the first error quantity, particularly 
separately for each i-th retransmission resulting in an i-th error ratio. 

According to an embodiment of the invention, the component for determining the transmission 
power correction factor allows for calculating a of a first factor, a second factor and a third 
20 factor. The value of the first factor is either equal to +1 or equal to -1. The second factor is 
represented by following mathematical denotation: 

Cg;>FER^(l-FERr^^ ^"' 
FER 

25 where C^j is a binomial coefficient, FER is the pre-defined target error ratio, Ni is the first error 
quantity and Ki is the second error quantity. Particularly, the binomial coefficient may be 

Ni! 

expressed also as Cgi =1^^=^ ^^,, The first third factor is identical to the 

Ki!-(Ni-Ki)! 



■0- 

aforementioned transmission power correction step value. 



30 According to an embodiment of the invention, the mobile terminal device is a wideband code 
division multiple access (WCDMA) capable device operating data communication supported by 
fast hybrid automatic repeat request (H-ARQ). Particularly, hybrid automatic repeat request (H- 
ARQ) is a fast physical hybrid automatic repeat request (PHY H-ARQ). The data packets are 
transmitted to the base station via at least one dedicated physical data channel (DPDCH) and a 

35 dedicated physical control channel (pPCCH), wherein the one or more dedicated physical data 
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channels cany the data and further data related information and the dedicated physical control 
channel accompanying control information. The transmission power factor is appUed selectively 
on the at least one dedicated physical data channel (DPDCH). 

5 According to an embodiment of the invention, a system of a mobile terminal device and a base 
station is provided. The base station comprises at least a communication interface for receiving a 
sequence of individual data packets transmitted from the mobile terminal device and for 
transmitting status information items to the mobile terminal device. The status information items, 
one for each received data packet, is based on the automatic repeat request (ARQ) and comprises 
10 an acknowledgement/non-acknowledgement item as aforementioned. The automatic repeat 
request (ARQ) is processed by a component or sub-component of the base station. 

The mobile terminal device is a mobile terminal device according to an embodiment of the 
invention described in detail above and comprises the aforementioned components. The back 
15 transmission of status information items of the base station being based on a commxmication 
interface and a ARQ-operating component is sufficient to operate the method for determining a 
transmission power factor according to an embodiment of the invention. 

For a fuller understanding of the nature and object of the present invention, reference should be 
20 made to the following detailed description taken in conjunction with the following drawings, in 
which: 



Fig. 1 show a schematic time sketch illustrating uplink transmission and re-transmission 
of data packets from a terminal device (UE) to a base station (BS) according to an 
25 embodiment of the invention; 

Fig. 2 shows a block diagram illustrating schematically channelization, complex 
combining and spreading of a couple of dedicated physical data chaimels and an 
associated dedicated physical control channel according to an embodiment of the 
invention; 

30 Fig. 3 shows an operational sequence illustrating a possible implementation of the power 
adjustment algorithm according to an embodiment of the invention; 
Fig. 4a shows a value matrix containing values relating to power adjusting to be 
employed in the power adjustment algorithm according to an embodiment of the 
invention; 

35 Fig. 4b shows an operational sequence illustrating a further possible implementation of 
the power adjustment algorithm being based on a power adjustment value matrix 
as shown in Fig. 4a according to an embodiment of the invention; and 
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Fig. S shows a system of a mobile temiinal device (UB) and a base station (BS) 
employing the power adjustment algorithm for data uplink commimication 
according to an embodiment of the invention. 

5 Same or equal parts, features and/or operations shown in the figures will be referred to using the 
same reference numerals. 

Fig. 1 show a schematic tune sketch illustrating uplink transmissions and re-transmissions of 
data packets from a terminal device (UE) to a base station (BS) according to an embodiment of 

10 the invention. The terminal device coromunicates data to the h^se station via a code division 
multiple access s>^tem, such as a wideband code division multiple access (WCDMA) system as 
implemented in a xmiversal mobile communication system (UMTS). The data is segmented in 
several data packets (corresponding to time frames) to be transmitted via one or several data 
uplink channels from the UE to the BS and a H-ARQ method is employed involving a back 

15 signaling from the BS to the UE and determining the content of the data packets being re- 
transmitted. That is, the data packet receiving BS checks each received data packet and transmits 
back an acknowledgem^t or a non-acknowledgement signal via an indicating downlink chacmel 
to the UB. An acknowledgement signal (ACK) indicates to the UB that the preceding transmitted 
data packet has be^ transmitted error-fi:ee (successfully) such that the BS was able to decode the 

20 data packet. A non-acknowledgement signal (t^ACK) indicates to the UE that the preceding 
transmitted data packet has been transmitted erroneously (i.e. not successfidly, not decodable) 
such that the BS requires additional data provided by a re-transmission of a data packet for 
decoding. The additional data contained in the re-transmission data packet is determined by the 
H-ARQ method employed and is based on the original transmitted data packet. A combination of 

25 transmitted data packet beiag received erroneous and one or more re-transmitted additional data 
packets shall finally allow for decoding the original data packet. 

Following assumptions are made: The maximum number of re-transmissions is set to 1 and new 
packets are transmitted even in case this maximum numb^ of re-transmissions is exceeded 

30 (herein, even in case the 1^* re-transmission of a data packet is erroneous). The delay between 
transmission and a possibly required re-transmission is set to two (time) frames, wherein one 
data packet is transmitted in one (time) frame. The re-transmission power adjustment period is 
selected to be a duration of 10 frames i.e. lasts over 10 received acknowledgement or non- 
acknowledgement signals. Correspondingly, an i-th re-transmission power adjustment command 

35 Picmd is valid for i-th data packet re-transmissions over 10 frames before it is again determined 
being based on the preceding re-transmission power adjustment period. That is, the l'^ re- 
transmission power adjustment cormnand Plcmd is valid for the 1^ data packet re-transmissions. 
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the re-transmission power adjustment command P2cmd is valid for the 2°^ data packet re- 
transmissions and so on. Herein because of the maximal number of re-transmissions set to 1 only 
the 1^* re-transmission power adjustment coimnand Plcmd is illustrated and mvolved in the time 
sequence of data packets. 

5 

Since no re-transmission power adjustment evaluation period of 10 (time) frames (as assumed 
and set forth above) is available for deriving a 1^ re-transncdssion power adjustment command 
Plcmd an initial 1^^ re-transmission power adjustment command Plcmd.mitiai, that is, initially the 1^ 
re-transmission power adjustment command Plcmd is set valid to Plcmd = Plcmd,initiai where for 

10 example Plcmd.initiai = 0 dB. This initial power adjustment command PlcmdjuiHai may be defined by 
a (pre-defined) system parameter resulting here in the initial setting of the initial 1^ re- 
transmission power adjustment command Plcmd,mitiai = 0 dB. This (pre-defined) system parameter 
is a system defined parameter. For example, this system defined parameter may vary depending 
on known conditions like quality of service (QoS) quantities obtained previously and appUcable 

15 for estimatiog this initial 1^ re-tran^mission power adjustment command Plcmd.initiai. The 1^ re- 
transmission power adjustment command Plcmd set valid to PUmd = 0 dB corresponds to a non 
reduced transmission power for 1^ re-transmissions in comparison to the original transmission 
power for 1^* data packet transmissions. Alternatively, the 1^' re-transmission power adjustment 
command Plcmd, naay initially have a value resulting in a reduced transmission power for 1^ re- 

20 transmissions, that is, for example Plcmd,imtiai = -3 dB. Analogously, further initial i-th re- 
transmission power adjustment command Picmd^itiai (not shown) are defined as (pre-defined) 
system defined parameters corresponding and being analogously to the description given in detail 
with reference to the initial 1*^ re-transmission powCT adjustment command PlcmdAnitiai. 

25 These assumptions are made in order to allow for presenting the depicted example data packet 
uplink transmission in a clear and understandable manner sufficient to illustrate the inventive 
concept. The assumptions are not to linodt the scope of the invention that is only defined by the 
accompanying claims. 

30 In the following Fig. 1 will be described in detail in conjunction with the above defined 
assumptions. 

32 individual data packets are dq)icted as boxes containing a data packet number 1, 2, 3, 32, 
wherein white shaded boxes represent 1^^ transmissions of data packets (containing original data) 
35 and gray shaded boxes represent 1^ re-transmissions of data packets due to preceding 1^ 
transmissions of data packets received non-decodable by the BS. The boxes representing 1** re- 
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transmissions of data packets each contains the original data packet number 3', 6', 7', 29' to 
which the 1^ re-transmission and the corresponding data packet relate, respectively. 

The data packets are transmitted in a timely sequence fiom a UE to a BS via a data vtphnk 
channel. An ACK/NACK signaling channel aUows the BS for indicating to the UE if the 
received data packet is decodable or non-decodable. The signaling information on the 
ACK/NACK signaling channel is illustrates by a sequence of boxes each containing either an A 
character or a N character, wherein the signaling information is displaced by one (time) ftame. 
An A character contained in a white shaded box represents an acknowledgement signal 
indicating that the received data packet is decodable by the BS, whereas a N character contained 
in a gray shaded box represents a non-acknowledgement signal indicating that the received 1** 
transmission data packet is not decodable by the BS, i.e. is non-decpdable beiag based on the 
data and information currently available by the BS (at the moment of signaling). A non- 
acknowledgement signal relating to a 1^ transmission instructs the UE to 1^ re-transmit a data 
packet in accordance with the employed H-ARQ mechanism. Further, a N character contained in 
a black shaded box represents a non-acknowledgement signal indicating that the received 1"^ 
transmission data packet in combination with the 1«* re-transmission data packet being based on 
the 1*' transmission data packet is still not decodable by the BS. A non-acknowledgement signal 
relating to a 1« re-transmission instructs the UE to 2"^ re-transmit data in accordance with the 
employed H-ARQ mechanism. Since the maximum number of re^transmission is presumed to be 
limited to one, a new 1^ transmission is initiated by the UE. 

The first 1 1 data packets (i.e. data packets 1, 2, 3, 4, 3'. 5, 6,7, & and 7, 8) are transmitted fiom 
the UE to the BS, wherein the data packet 1, 2. 3, 4, 5, 6. 7, and 8 are each l** transmissions of 
data packets. In accordance with the depicted ACK/NACK signaling information the BS 
indicates to the UE (displaced by one frame) that the data packets 1, 2, 4, 3', 5, 6' and 7 have 
been successfiilly transmitted such that they are decodable. A non-acknowledgement signal 
associated with data packet 3 causes a 1"^ re-transmission of a data packet 3' (relating to data 
packet 3) two frames later such as described and defined above. The same is depicted for the data 
packets 6 and 7, wherein relating to each of them l" re-transmissions of data packet 6' and data 
packet 7' is performed 2 frames later, respectively. 

A 1'* re-transmission power adjustment command is valid for these first 1 1 data packets, wherein 
the 1* re-transmission power adjustment command is especially vaKd for the 1'' re-transmission 
of data packets i.e. the data packets 3', 6' and 7. 1'^ transmissions of data packets are each 
performed with a transmission power which is determined by the employed communication 
system. Since no re-transmission power adjustment evaluation period of 10 (time) frames (as 
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assumed and defined and described above) is available for deriving a 1** re-transmission power 
adjustment command an initial 1^ re-transmission power adjustment command Plcmd, that is, 
initially is set valid to Pland = 0 dB. As aforementioned, the 1*^ re-tiansmission power adjustment 
command Plcmd, initial instructs to employ the same transmission power as for 1*' transmission 
5 of data packets (e.g. Plcmd, imtial = 0 dB). The transmission power for the 1^ re-transmission is 
not reduced. This is depicted in an uplink data packet power column diagram. The height of tiie 
columns arranged in line with Ibe illustrated data packets reflects a transmission power, flie 
shorter the. height the lower the transmission power. 

10 The ACK/NACK signaling information associated to the data packets 1 to T is evaluated (re- 
transmission power adjustment evaluation period 1) and a 1^* re-transmission power adjustment 
command Plcmd, no. 1 is derived from this evaluation. Further i-th -transmission pov/er 
adjustment command (Picmd, no. 1, where i > 1) are not depicted since the maximum number of 
allowed re-transmission is set to 1. The Plcmd, no. 1 is valid for the succeeding 10 (time) frames 

1 5 illustrated as re-transmission power adjustment period 1 comprising the data packets 9 to 1 6. The 
Plcmd, no. 1 instmcts to employ a reduced transmission power for the 1^* re-transmission (when a 
1^^ re-transmission is indicated to be is necessary). The reduced transmission power is illustrated 
for the 1^ re-transmission of data packet 9' (relating to data packet 9) and the 1^ re-transmission 
of data packet 14' (relating to data packet 14) botb being performed with a lower transmission 

20 power depicted as shorter power columns (colxmans 9' and 14"). Each of the 1** re-transmissions 
of data packet 9' and 14' is caused by a preceding non-acknowledgement signaling infomiation 
being received by the UE simultaneously wifli the transmitting of the data packets 10 and 15, 
respectively. 

25 Still further, the ACK/NACK signaling information of re-transmission power adjustment 
evaluation period 2 (NACK signaling information associated to the data packets 8 to 14*) is 
evaluated and a new 1^* re-transmission power adjustment command (Plcmd, no. 2) is derived 
therefrom. The Plcmd, no. 2 is valid for the succeeding 10 (time) frames illustrated as re- 
transmission power adjustment period 2 including the data packets 17 to 22'. The transmission 
30 power for the 1^* re-transmissions of data packets (Plcmd, no. 2) is once again lowered in 
comparison with Plcmd, no. 1 what can be seen for the 1^^ re-transmission data packets IT, 20' 
and 22'. Focusmg on data packet 17, a first transmission thereof is indicated by the BS to be not 
decodable such that a 1^ re-transmission of data packet 17' relating to data packer 17 with 
reduced transmission power in accordance with Plcmd, no. 2 is instructed by a non- 
35 acknowledgement signaling information received diiring 1®* transmission of data packet 18. The 
1"^ re-transmission of data packet 17' is operated 2 firames after its 1^ transmission of data packet 
17 (as defined above), i.e. directly in that (time) firame after the 1"* transmission of the succeeding 
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data packet 18 (relative to data packet 17). A non-acknowledgement signaling information 
associated with the 1** re-transmission of data packet 17* received during the 1^* transmission of 
data packet 19 indicates to the UE that the combination of received data packet 17 and received 
data packet 17' (containing information in accordance with the employed H-ARQ method) is sill 
5 not decodable by the BS. Since only one re-transmission is allowed (maximal nmnber of re- 
transmission is set to 1) a new 1^* transmission is performed depicted as data packet 20. Once 
again the 1^ transmission of data packet 20 is signalized (during 1^* transmission of data packet 
21) to be not decodable and in accordance with the above defined assiraiptions a 1^ re- 
transmission of data packet 20* relating to data packet 20 is performed after the 1^* transmission 

10 of data packet 21. Further, the both 1^ transmissions of data packets 22 and 23 are also signalized 
to be not decodable such that 1^ re-transmissions of data packets 22' and 23' are performed. In 
the transmission power illustration aligned wifli the data packet transmission illiistration is can be 
seen that the transmission power of the 1^* re-transmission of data packet 22' is cormnanded by 
Plcmdj no. 2 whereas the transmission power of the 1^^ re-transmission of data packet 23' is 

15 commanded by Plcmd, no. 3 since the 1^* re-transmission of data packet 23' is operated in the re- 
transmission power adjustment period 3. Hence, the transmission power of the 1^ re-transmission 
data packet 22' and of data packet 23' may differ and herein they differ. 

Analogously, the ACK/NACK signaling information of re-transmission power adjustment 
20 evaluation period 3 (NACK signaling information associated to ttie data packets 16 to 23) is 
evaluated and a new 1^* re-transmission power adjustment command Plcmd» no. 3 is derived 
therefiom. The Plcmd, no. 3 is valid for the succeeding 10 (time) fi^ies illustrated as re- 
transmission power adjustment period 3 including the data packets 23' to 29'. The transmission 
power Plcmd, no. 3 for the 1^ re-transmissions of data packets is increased in comparison with 
25 Plcmd, no. 2 what can be seen for the 1^ re-transmission of data packets 23', 26' and 29'. As 
aforementioned, the 1^* re-transmission of data packet 23' is performed under validity of Plcmd, 
no. 3 in the re-transmission power adjustment period 3. The 1^* transmission of data packet 26 
and 29 in this re-transmission power adjustment period 3 are also signalized to be cormpted such 
that corresponding 1^* re-transmission of data packets 26' and 29' are performed each 2 (time) 
30 jframes after the respective 1^* transmission. 

Further analogously, the ACK/NACK signaling information of re-transmission power adjustment 
evaluation period 4 (NACK signaling information associated to the data packets 22' to 30) is 
evaluated and a new 1*** re-transmission power adjustment command Plcmd, no. 4 is derived 
35 therefiom. The Plcmd, no. 4 is valid for the succeeding 10 (time) firames begiiming the 1®* 
transmission of data packet 31. 
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The above described H-ARQ method comprising an acknowledgement/non-acknowledgement 
signaling which instructs a transmitter to re-transmit information corresponding to a data 
transmission of which data is not decodable, and operating directly on physical transmission 
channels is denoted as physical hybrid automatic repeat request. The re-transmitted information 
5 in case of a non-acknowledgement signalizing depends on the type and kind of the employed H- 
ARQ method. In case of a combing H-ARQ method all received data corresponding to a certain 
data packet (i.e. the 1^ transmitted data packet (corrupted, erroneous), the 1^ re-transmitted data 
packet (correcting information) and eventually further 2"^, 3"^ ... re-transmitted data packets) has 
to be stored until data is decodable from the total received original corrupted data and correcting 
10 information data. Consequently, the maximal number of allowed re-transmission depends on the 
data storage capacity of the receiver or has to be fitted to the capacity of the receiver, 
respectively. 

Conventionally, such a fast PHY H-ARQ is implemented in a low open systems interconnection 
15 (OSI) layer, for example OSI layer 1, OSI layer 2 or an interposed layer arranged between OSI 
layer 1 and OSI layer 2. The Implementation in other OSI layers is problematic or even 
impossible because of latency time caused by the processing operation associated to the OSI 
layers. 

20 Fig. 2 shows a block diagram illustrating schematically channelization, complex combining QJQ 
combining) and spreading of a couple of dedicated physical data chamels and an associated 
dedicated physical control channel according to an embodiment of the invention. In Fig. 1 an 
example sequence of an uplink data packet transmission from a UE to a BS employing the 
inventive concept for adjusting re-transmission power has been presented. 

25 

In code division multiple access (CDMA) systems and particular in wideband code division 
multiple access (WCDMA) systems q>reading code technology is employed for separating 
multiple simultaneous transmissions caused from multiple transmitters including a plurality of 
mobile terminals (UEs) and a single base station (BS). Moreover, it is not only necessary to be 

30 able to separate the transmissions of a UE or a single BS from other transmitting entities but it is 
also necessary to separate various simultaneous transmissions that a single entity (UE or BS) may 
have generated. That is, in case of a UE transmitting both data information and control 
information to a BS, first the BS must be capable to separate the transmission from this UE from 
other ones and second the BS must be capable to separate both data information and control 

35 information from this UE. A two-step approach comprising a chaxmelization and scrambling step 
allows to siq>port tibis aforementioned requirement and will be described with reference to Fig. 2 
focusing to the situation that a UE transmits data to a BS (uplink transmission). 
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In Fig. 2 an airang^ent of six different physical data* channels (dedicated physical data 
channels: DPDCHi, DPDCHe) and a physical control channel (dedicated physical control 
channel: DPCCH) used for data uplink transmission is depicted. The physical data channels cany 
5 user data whereas the physical control channel carries control information. A typical WCDMA- 
enabled UE is allowed to employ minimal one physical data channel DPDCH in combination 
with one physical control channel DPCCH and maximal six physical data channels DPDCHi, 
DPDCHe in combination with one physical control channel DPCCH for data uplink transmission 
to a BS. 

10 

In a first operation a set of channelization codes Cd,i, Cd^, Cd,3, Cd.4, Cd^, Cd,6 and a 
channelization codes Cc are ^plied to tiie physical data channels and the physical control 
channel, respectively. The channelization codes Cd,i, Cd;6 are variable spreading factors, i.e. 
spreading factors of e.g. 4, 8, 16, 32, 64, 128 and 256 resulting in a correspondmg variable bit 

15 rate for the physical data channels (at a chip rate of 3.84 Mcps from 15 Kbps gross with 
spreading fector lengtti 256 up to 960 Kbps gross with spreading factor length 4). Conventionally 
the orthogonal variable spreading factor (OVSF) codes are used as channelization codes which 
are recursively defined. The physical control channel is typically spread with a fixed spreading 
factor of 256. The chaimelization of physical chaimels using variable and fixed spreading factors 

20 is employed to spread the physical data channels of variable bit rate and the physical control 
channel of fixed bit rate to the chip rate of the system. The channelization allows a receiver (BS) 
for separating unambiguously the individual the physical data channels and the physical control 
channel. 

25 In a next operation a gain factors fi^ is appUed to each physical data channels and a gain factors jSc 
is applied to the physical control channel resulting in weighting of the physical data channels and 
the physical control channel. Conventionally, the two gain factors are coded as a 4-bit word 
representing steps from zero and one, wherein one of the gain factors is set to one. 

30 In a following operation, a re-transmission adjustment power factor Picmd is applied to the 
physical data chaimels. The re-transmission adjustment power factor Picmd corresponds to the 
aforementioned re-transmission adjustment power command Picmd- The re-transmission power 
adjustment power factor Picmd is applicable in case the physical data channels carry information 
in accordance with a re-transmission data packet. 

35 

In a following operation, the physical data channels DPDCHi, DPDCH3 and DPDCH5 are 
combined to a spread signal on the so-called I-branch (in-phase branch). The physical data 
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channels DPDCH2, DPDCH4 and DPDCHe and the physical control channel DPCCH are 
combined to a spread signal on the so-called Q-branch (quadrature branch). The combined signal 
on the I-branch is mathematically treated as stream of real signals (bits) whereas the combined 
signal on the Q-branch is mathematically treated as stream of imaginary signals (bits). The 
5 stream of real signals (bits) and stream of imaginary signals (bits) are combined to a complex 
signal (denoted as I + j -Q) at the chip rate of the system. 

Id a following operation, the resulting stream of complex signals (bits) is subjected to a complex- 
valued scrambling code sdpch^ which is aligned with the beginning of a transmission (time) 
10 frame. The scrambling code serves sopck^. to allow a receiver (BS) for separating unambiguously 
transmission from other transmitters (UEs) employing different scrambling codes for their 
transmissions. In a final operation, the spread and scrambled stream of complex signals forms a 
complex-valued input stream for a quadrature phase shift keying (QPSK) modulator (not shown 
in Fig. 2). 

15 

The re-transmission power adjustment power factor Picmd is only applied to the physical data 
channels DPDCHu DPDCHe and expUcitly not to the physical control channel DPCCH such 
that the physical control channel DPCCH is power constantly for re-transmissions. Due to the 
constant powering of the ph>^ical control chaimel DPCCH the aforementioned fast power control 
20 at the BS is not affected from the variable powering of the physical data channels DPDCHi, 
DPDCHs during re-transmissions and therefore the channel estimation of the BS required for 
power control is not interfered by the presented adaptive re-transmission power adjustment. 

Fig. 3 shows an operational sequence illustrating a possible implementation of the power 
25 adjustment algorithm according to an embodiment of the invention. In Fig. 1 an example 
sequence of a data uplink transmission from a UE to a BS employing the inventive concept for 
adjusting re-transmission power has been presented, in Fig. 2 an example implementation for 
adjusting the transmission power for re-transmissions has been described. The following block 
diagram illustrates a method for determining a re-transmission adjustment power factor or a 
30 corresponding re-transmission adjustment power conmiand Picmd will be described in detail, 
respectively. 

The method for determining re-transnodssion adjustment power command Picmd is performed as a 
background process independently from other methods, processes and procedures performed 
35 and/or operated on the mobile temodbial (UE). 
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The following method according to an embodiment of the invention describes an implementation 
of an algorithm for determining an i-th re-transmission adjustment power command Picmd 
affecting the transmission power of an i-th re-transmission in the way of an i-th re-transmission 
adjustment power fector Picmd [dB] representing a decibel value defining a reduction factor. An i- 
5 th re-transmission adjustment power factor Picmd [dB] = 0 means that tiie transmission power for 
transmitting an i-th re-transmission data packet is equal to the transmission power for 
transmitting a 1^* transmission data packet An i-lh re-transmission adjustment power factor 
Picmd [dB] = Picmd,imn [dB] (wheTc Picmd,min [dB] > 0) mcans that the transmission power of an i-th 
re-transmission data packet is reduced by the factor Picmd^min [dB] in comparison to the 

10 transmission power of a 1^^ transmission data packet. The i-th re-transmission adjustment power 
factor Picmd,min [dB] is the minimal allowed i-th re-transmission adjustment power factor 
Picmd,mm [dB] and the i-th re-transmission adjustment power factor Picmd [dB] varies in the range 
between Picmd [dB] = 0 and Picmd [dB] = Picmd.niin [dBJ, wherein an i-th transmission power 
correction step value APistep [dB] defines the maximum relative width of steps with which the i- 

15 th re-transmission adjustment power factors Picmd [dB] are varied. The i-th transmission power 
correction step value APistep [dB] is pre-defined. 

In an operation SI 00, the UE has received a number of M acknowledgement and non- 
acknowledgement signaling information as a result of M preceding transmissions and i-th re- 
20 transmissions. The number M corresponds to the number of frames comprised in a re- 
transmission power adjustment evaluation period as described above with reference to Fig. 1, 
The value of M has to be sufBcientiy larger than delay between a transmission and a possible re- 
transmission. 

25 In an operation SI 05, the M received acknowledgement and non-acknowledgement signaling 
information are evaluated. A first quantity Ni is derived firom the acknowledgement and non- 
acknowledgement signaling information. The first quantity Ni represents the number of i-th re- 
transmissions occurred in the M evaluated fi^ames. That is, the quantity NI represents the number 
of 1®' re-transmission, the quantity N2 represents the number of 2"^ re-transmission and so on. 

30 

A second quantity Ki is derived fi-om the acknowledgement and non-acknowledgement signaling 
information. The second quantity Ki represents the number of i-th re-transmission being 
responded by a non-acknowledgement signaling information which signalizes that the receiver 
(or BS, respectively) was not able to decode. That is, the quantity KI represents the number of 1^* 
35 re-transmission bemg received by a receiver (or BS, respectively) but which are responded by a 
non-acknowledgement signaling information firom tide receiver (or BS, respectively) which 
signalizes that a decoding of the data currently available by the BS (or BS, respectively) is still 
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not possible, the quantity K2 represents the number of 2'''* re-transmission being transmitted in 
sequence to a non-acknowledgement signaling information associated with a 1^ re-transmission 
but which are responded by a non-acknowledgement signaling information from the receiver (or 
BS, respectively) which signalizes that a decoding of the data currently available by tiie BS (or 
5 BS, respectively) is still not possible and so on- 

In an operation SllO, an i-th error ratio is detemiined from the first quantity Ki and the second 
quantity Ni, i.e. an i-th error ratio of the number of i-th re-transmissions resulting in non- 
decodable data at the receiver (or BS, respectively) to the number of i-th re-transmissions 

10 resulting in decodable and non-decodable data at the receiver (or BS, respectively) is determined. 
An i-th absolute deviation of this i-th error ratio regarding a pre-defined target firame error rate 
(target FER) are determined, i.e. an i-th absolute variation between i-th error ratio and pre- 
defined target frame error ratio. An i-th absolute deviation is either above a pre-defined deviation 
level or below this pre-defined deviation level The pre-defined deviation level is a pre-defined 

15 system parameter € which is set forth by the system (the UE, the BS or UB in conjunction with 
the BS) depending on the conditions, like channel conditions, reqtiired quality of service, 
priorities of the data communication or priorities of the application(s) to which the data 
communication may be attributed back etc The pre-defined system parameter € shaU be 
understood as a system defined parametCT €. The pre-defined deviation level € may be derived 

20 from the target FBR. The wording "target" shall indicate that an optimal value is to be approach 
by a corresponding floating value. Herein, the i-th error ratio shall be as close as possible to the 
target FER. 

• Following mathematical equation represents such a comparison of an i-th absolute deviation and 
25 a pre-defined deviation level: 

ABs(J^j-FEr)<^ (e.g.:s = FE%), 

wherein ABs(*^.-FEr) is the i-th absolute deviation calculated &om the i-th error ratio 

30 Ki^. and the pre-defined target FER and € is the pre-defined deviation level being a pre-defined 

system parameter. Particularly, the pre-defined deviation level e is proportional to the pre-defined 
target FER Jiere especially = • FER , i-e. equal to the half of pre-defined target FER. 

In case an i-th absolute deviation exceeds the pre-defined deviation level, i.e. the above presented 
35 inequality is false, the i-th re-transmission adjustment power factor Picmd [dB] is determined at 
new and the operational sequence is continued with operation S120. In case an i-th absolute 
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deviation is lower than the pre-defined deviation level, i.e. the above presented inequality is true, 
the currently valid i-th re-transmission adjustment power factor Pic^d [dB] is maintained and the 
operational sequence is continued with operation SI 15. 

5 In case the first quantity Ni is equal to zero, the i-th error rate can not be calculated in the above 
presented way such that the i-th absolute deviation is also not defined Therefore, the first 
quantity Ni is check separately and in case first quantity Ni is equal to zero the i-th re- 
transmission adjustinent power factor Picmd [dB] is analogously maintained and the operational 
sequence is continued with operation SI 15. 

10 

The pre-defined target PER is pre-determined by the system involving the UE and the BS in 
order both satisfy, a required data throughput rate, a required quality of service and a total system 
capacity. The required data throughput rate, a required quahty of service are primarily 
determined by one or more applications which generated the data to be transmitted or which 
15 receive the transmitted data for fiirther processing. 

In an operation SI 15, the currentiy valid i-tii re-ti:ansmission adjustment power factor Picmd [dB] 
is maintained. That is, a new re-transmission adjustment power factor Picmd.new [dB] is set equal 
to the currentiy valid re-tiansmission adjustinent power fector Picmd [dB]. This new i-th re- 
20 transmission adjustinent power factor Picnid.ncw [dB] is vaUd during the succeeding re- 
transmission power adjustment period and tiie herein presented metiiod is repeated at the end of 
this succeeding re-transmission power adjustment period to determine a new one. 

In an operation S120, an i-th absolute deviation has exceeded the pte-defined deviation level and 
25 the direction of exceeding is detennined. That is, it is determined whethCT the i-th enror ratio 
exceeds the target PER relative to which the i-th absolute deviation has been determined or not. 
Therefore, the i-th error ratio is compared with the target PER which can be denoted 
math^atically as following: 

30 *^.<FER 

In case of the i-th error ratio is lower than tiie target PER the associated i-th re-transmission • 
adjustment power factor Picmd [dB] is to be increased in order to approach the target PER. In case 
of the i-th error ratio is higher than the target PER the associated i-th re-h:ansmission adjustment 
35 power factor Picmd [dB] is to be decreased in order to approach the target PER. That is, in case 
the above denoted equation is true the operational sequence is continued with operation S125 and 
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in case the above denoted equation is false flie operational sequence is continued witii operation 
S145. 

In an operation S125, an i-th re-transmission adjustment power correction value APicmd [dB] is 
5 derived from the quantity Ni, the quality Ki, the target FER and a system parameter 

weighted with the pre-defined transmission power correction step value APistep[dB], The 
calculation of the i-th re-transmission adjustment power correction value APi [dB] can be 
denoted mathematically by following equation (1): 

The first factor (-l) ensures that the^i-th re-transmission adjustment power factor Picxnd [dB] to 
which the i-th re-transmission adjustment power correction value APi [dB] is to be added will be 
decreased in order to increase the transmission power of an i-th re-transmission. A second factor 
15 depends on the quantity Ni, the quality Ki, the target FER and the C^i is a binomial coefficient. 

The binomial coefficient may be alternatively mathematically denoted as 

CKi-f^O- Ni! 

l,Kij Ki!-(Ni-Ki)!' 

20 la a following operation SI 30 a lixnit check of a new i-th re-transmission adjustment power 
factor Picmd,new [dB] is performed. The i-th re-transmission adjustment power factor Picmd^ew [dB] 
results fit)m a summation of the current i-th re-transmission adjustment power factor Picmd [dB] 
and the i-th re-transmission adjustment power correction value APi [dB] in accordance with 
equation (1). The i-th re-transmission adjustment power factor Picmd^ew [dB] is not allowed to fall 

25 below the pre-defined minimal allowed re-transmission adjustment power factor Picmd,niin [dB], 
The check is mathematically denoted as following: 

Piond [dB] + APi[dB] > Pi^^ [dB] 

30 In case the value of the i-th re-transmission adjustment power factor Picnid,new [dB] is above flie 
level of pre-defined minimal allowed re-transmission adjustment power factor Picmd,nim [dB] (i.e. 
the above presented comparison is trae) the operational sequence is continued with operation 
S135. In case the value of the i-th re-transmission adjustmCTit power factor Picmd.iiew [dB] is below 
the level of pre-defined minimal allowed re-transmission adjustment power factor Picind,inin [dB] 
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(i.e. the above presented comparison is felse) the operational sequeace is continued with 
operation S140. 



In an operation S135, the new i-th re-transmission adjustment power factor Picmd^ [dB] is equal 
5 to tiie summation of the current i-th re-transmission adjustment power factor Picmd [dB] and the i- 
th re-transmission adjustment power correction value APi [dB] in accordance with equation (1). 
The summation can be denoted mathematically as following: 

Pic»d.new [dB] = Pi^[dB]+ APi[dB] 

10 

This new i-th re-transmission adjustmoit power factor Picmdjiew [dB] is valid during the 
succeeding re-transmission power adjustment period and the herem presented method is repeated 
at the end of this succeeding re-transmission power adjustinent period to determine a new one. 

15 In an operation S140, the new i-th re-transmission adjvistment power factor Picmd^ew [dBj is set 
equal to the minimal allowed re-transmission adjustment power factor Picnid.niin [dBJ. This new i- 
th re-transmission adjustment power factor Picmd,new [dB] is valid during the succeeding re- 
transmission power adjustment period and the herein presented method is repeated at the end of 
this succeeding re-transmission power adjustment period to determine a new one. 

20 

In an operation S145, an i-th re-trananission adjustment power correction value APicmd [dB] is 
derived from the quantity Ni, the quality Ki, the target FER and a system parameter 

weighted with the pre-defined transmission power correction step value APistq,[dB]. The 
calculation of the i-th re-transmission adjustment power correction value APicmd [dB] can be 
25 denoted mathematically by following equation (2): 



APi[dB]=(+l) 



Z' /-.Ki UTJTS Ki fi -cTm Wi-Ki 



FER*" (l -PER) 



FER ""^ 



APi.tep[dB] (Eq.2) 



The first factor (+l) ensures that the i-th re-transmission adjustment power fiictor Picmd [dB] to 
3Q which the i-th re-transmission adjustment power correction value APi [dB] is to be added will be 
increased in order to decrease the transmission power of an i-th re-transmission. A second factor 
depends on tiie quantity Ni, the quality Ki, the target FER and the Cj^ is a binomial coefficient. 

The binomial coefficient may be alternatively mathematically denoted as 
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The second factor is analog to the second factor of equation (1). 

In a following operation SI 50 a limit check of a new i-th re-transmission adjustment power 
5 factor Picmd^ew [dB] is performed. The i-th re-transmission adjustment power fector Mcmd^ew [dB] 
results from a summation of the current i-th re-transmission adjustment power factor Picmd [dB] 
and flie i-th re-transmission adjustment power correction value APi [dB] in accordance with 
equation (2). The i-th re-transmission adjustment power factor PicmdAiew [dB] is not allowed to 
exceed a value of 0 dB, i.e. the transmission power of an i-th re-transmission is not allowed to 
1 0 exceed the transmission power of 1^* transmissions. 

y Pi^[dB]+APi[dB]<0 

In case the value of the i-th re-transmission adjustment power factor Picnid,new [dB] is below 0 dB 
15 (i.e. the above presented comparison is true) the operational sequence is continued with operation 
S155. In case the value of the i-th re-transmission adjustment power factor Picmd^ew [dB] is above 
0 dB (i.e. the above presented comparison is false) the operational sequence is continued with 
operations 160. 

20 Li an operation S155, the new i-th re-transmission adjustment power fector Picmd,new [dB] is equal 
to the summation of the current i-th re-transmission adjustment power factor Picmd [dB] and the i- 
th re-transmission adjustment power correction value APi [dB] in accordance with equation (1). 
The summation can be denoted mathematically as following: 

25 Picn^«ew[dB] = Pic^[dB]+ APi[dB] 

This new i-th re-transmission adjustment powCT factor Picmd^cw [dB] is valid during the 
succeeding re-transmission power adjustment period and the herein presented method is repeated 
at the end of this succeeding re-transmission power adjustment period to determine a new one. 

30 

In an operation SI 60, the new i-th re-transmission adjustment power factor Picmd,new [dB] is set 
equal to 0 dB. This new i-th re-transmission adjustment power factor Picmd^ew [dB] is valid 
during the succeeding re-transmission power adjustment period and the herein presented method 
is repeated at the end of this succeeding re-transmission power adjustment period to determine a 
35 new one. 
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As mentioned above the presented equation (1) and equation (2) include the same second factor. 
In order to minimize the processing capacity required to detemiine the second factor a matrix or 
table can be dejSned containing at least the values of the second factor for possible quantities Ki 
•t and Ni in dependence on a certain target FER andC{^ is the binomial coefficient (compare with 

5 the mathematical definition above). Analogously, the matrix or table can also be defined 
containing the absolute values of the i-th re-transmission adjustment power correction value 
APi [dB] being the product of the second factor and the i-th transmission power correction step 
value APistep [dB]. 

10 Fig. 4a shows a value rnatrix containing absolute values of an i-th re-transmission adjustment 
power correction value to be employed in the power adjustment algorithm according to an 
embodiment of the invention. 

The absolute values of the i-th re-transmission adjustment power correction value |APi [dBj| can 
15 be denoted mathematically as following: 

Under consideration of the assumptions described with reference to Fig. 1, especially a maximum 
20 number of one re-transmissions the matrix is a (j4M,i4M) matrix since the value of first 
quantity Ni is smaller than or equal to the half number of the firames con5)rised in the re- 
transmission power adjustment evaluation period for the i-th re-transmission adjustment power 
factor Picmd [dB]. The second quantity Ki is always smaller than or equal to the first quantity Ni 
due to the definition of both quantities. That is, the noiatrix has a triangular shape. 

25 

The required absolute values of the i-th re-transmission adjustment power correction value 
APi [dB] can be simply retrieved (read out) firom the matrix which saves processing capacity of 
the UE. The presented example matrix such is defined that each column contains absolute values 
of the i-th re-transmission adjustment power correction value APi [dB] relating to a certain first 
30 quantity Ni and each row contains absolute values of the i-th re-transmission adjustment power 
correction value APi [dB] relating to a certain second quantity Ki. 

The employment of such a value matrix or table will be described in the following with reference 
to Fig. 4b. Fig. 4b shows an operation sequence illustrating a fiirther possible implementation of 
35 the power adjustment algorithm being based on a value matrix as shown in Fig. 4a according to 
an embodiment of the invention. The herein presented operational sequence is an alternative 
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operational sequence to that presented with reference to Fig. 3. Hence, the definitions provided in 
the description with reference to Fig. 3 shaU be also valid for this alternative operational 
sequence. 

5 In an operation S200, the UE has received a number of M acknowledgement and non- 
acknowledgement signaling information as a result of M preceding transmissions and i-th re- 
transmissions. 

In an operation S205, the M received acknowledgement and non-acknowledgement signaling 
10 information are evaluated and a first quantity' Ni and a second quantity Ki are derived from the 
acknowledgement and non-acknowledgement signaling infomiation. 

In an operation S210, the i-th absolute deviation ABs(J^j-FEr) being calculated fiom the i- 

th error rate and the target FER is compared with a pre-defined deviation level e. Here, the 

15 pre-defined deviation level e is proportional to the pre-defined target FER and especially 
= Vi • FER , i.e. equal to tiie half of pre-defined target FER. 

In case the i-th absolute deviation is lower than the pre-defined deviation level s = >/2 - FER the 
current valid i-th re-transmission adjustment power factor Pic^d [dB] is maintained as new i-th 
20 re-transmission adjustment power factor Picmd^ew [dB]. Correspondingly, the operational 
sequence is continued with operation S215. In case the i-th absolute deviation exceeds the pre- 
defined deviation level the operational sequence is continued with S220. 

Since the i-th error rate is not defined for first quantity Ni = 0, a separate check is performed on 
25 Ni. In case the first quantity Ni is equal to zero, the current valid i-th re-transmission adjustment 
power fector Picmd [dB] is analogously maintained as new i-th re-transmission adjustment power 
fector Picmdjiew [dB] and correspondingly, the operational sequence is continued with operation 
S215. 

30 In an operation S220, an absolute values of the i-th re-tiansmission adjustment pow^ correction 
value APi [dB] is retrieved &om the pre-calculated matrix in accordance with the first quantity Ni 
and the second quantity Ki. The calculation of this matrix is based on the pre-defined target FER, 
C^j is the binomial coefficient (compare with the mathematical definition above) and an i-th 
transmission power correction step value APigtep [dB]. Each column of the matrix contains 

35 absolute values of the i-th re-transmission adjustment power correction value APi[dB] 
corresponding to a certain first quantity Ni and each row of the matrix contains absolute values 
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of the i-th le-transmission adjustment power cdrrection value APi [dB] corresponding to a certain 
second quantity Ki. That is, the absolute i-th r&-transmission adjustment power coirection value 
|APi [dB]| is defined as a function of the first quantity M and the second quantity: 

5 |APi[dB]| = I APi(Ni, Ki)[dB| = 



fCg FER"(l-FBRr-^l 



FER 



APi3..p[dB] 



The sign or the first fector of the retrieved i-th absolute re-transmission adjustment power 
correction value |APi [dB]| is fiffther detemuned, respectively to calculate an i-th re-transmission 
adjustment power correction value APi [dB]. The sign is a negative sign (first fector -1) in case 
10 the i-th error ratio is smaller than the target FER, otherwise m case the i-the raror ratio is higher 
than or equal to the taiget FER the sign is a positive sign (first factor +1). 

APi [dB] = (± l) . I APi(Ni, Ki)[dB]| 

15 In an operation S225 a new i-th re-transmission adjustment power factor Picmd^ew [dB] is 
calculated being the sum of the current valid i-th re-t^a^smission adjustment power fector 
Picmd [dB] and the i-th re-transmission adjustment power correction value APi [dB]. 

PWw[dB]= Picn«i[dB]+ APi[dB] 

20 

In an operation S230, an upper limit of the new i-th re-transmission adjustment power factor 
PicmdAiew [dB] is checked. In case a minimal allowed i-th re-transmission adjustment power factor 
Picmd^n [dB] is exceeded m an op^tion S235 the new i-th re-transmission adjustment power 
fector Picmd^ew [dB] is set equal to this minimal allowed i-th re-transmission adjustment power 
25 fector Picind.inm [dB] and will be employed for the succeeding re-transmission power adjustment 
period. Otherwise the opraational sequence is continued with operation S240. 

In an operation S240, a lower limit of the new i-th re-ttansmission adjustment power fector 
Picmd.new [dB] is checked. In case a minimal allowed i-th re-transmission adjustment power fector 
30 Picmd.iiiin [dB] is below the 0 dB (being equal to a fector of one) in an op^ation S245 flie new i-th 
re-transmission adjustment power fector Picmu^ew [dB] is set equal to 0 dB and wiU be employed 
for the succeeding re-transmission power adjustment period. Otherwise the operational sequence 
is continued with operation S240. 
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111 an operation S250, flie allowed upper and lower limits have been check, such that the 
calculated new i-th re-transmission adjustment power factor Picmd^ew [dB] is valid and will be 
employed for the succeeding re-transmission power adjustment period. 

5 Fig. 5 shows a system of a mobile terminal device (UE) and a base station (BS) einploying the 
power adjustment algorithm for data vtp^nk communication according to an embodiment of the 
invention. The illustrated mobile terminal device (20, UE) as well as the base station (10, BS) 
each includes components and data paths comiecting the components allowing for performing an 
embodimrait of the aforementioned method for determining an i-th re-transmission adjustment 
10 power command. 

A data stream containing data for uplink transmission to a base station (10) and provided fiom an 
application processed on the mobile terminal device 20 is supplied to a coding component 210. 
The coding component 210 may be a component able to chaimelize and spread data supplied by 

15 one ore more DPDCHs (dedicated physical data channels) and corresponding control information 
supplied by a DPCCH (dedicated physical control channel) in accordance with a CDMA (code 
division multiple access) system forming an overall wireless communication systrai such as 
described with reference to Fig. 2. The channelize and spread data is transmitted as a sequence of 
data packet by the means of a communication interfece 200 to the communication interface 100 

20 of the base station 10. The data packets being based on the original data stream of tiie data 
providing or generating £q)plication are 1** transmission data packets. 

On the side of the base station 10, the data packets are decoded by a process being inverse to the 
aforementioned channnelizing and spreading process resulting in a data stream equal to that 
25 provided or generated by the application being operated on the mobile teiminal device 10. 

Typically, data transmission over a wireless conmumication system requires an error detection 
since interference, disturbance and background noise within the frequency baud of the wireless 
communication system may cause a receiving of erroneoxis data packets at the base station 10. A 

30 hybrid automatic repeat request (H-ARQ) process offers a method for requesting supplementary 
information to correct the received erroneous data for finally decoding the erroneous data by 
considering flie supplementary information. Therefore, a H-ARQ component 120 is implemented 
in the base station 10. The H-ARQ component 120 provides for transmitting an acknowledgment 
information to the transmitter of the data packets (herein the mobile terminal device 20) via a 

35 ACK/NACK signaling channel for indicating to the transmitter that a certain preceding 
transmitted data packet is decodable (error-free) and a non-acknowledgment information for 
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indicating to the transmitter tiiat a certain preceding transmitted data packet is not decodable 
(erroneous). 

The mobile terminal device 20 receives an acknowledgmrait/non-acknowledgment ACK/NACK 
5 information signal for each of the previous transmitted data packets via the communication 
interface 200 and forwards this information to a corresponding H-ARQ component 220 included 
in the mobile terminal device 20. The H-ARQ component evaluates the received 
acknowledgment/non-acknowledgment information and in case of a non-acknowledgment 
information supplementary information in accordance with the employed H-ARQ method and 

10 type is supplied to the coding component for example via the same chaimels (DPDCHs and 
DPCCH) for coding an data packet being interwoven into the original data packets to be 
transmitted to the base station 10. For example interwoven data packets serve to be combined 
with the original received erroneous data packet in order to allow for decoding. The transmission 
of supplementary information in reaction on a non-acknowledgment information in response to a 

15 data packet transmission containing original data (1^ transmission of a data packet) is denoted as 
1^ re-transmission. A receiving of a non-acknowledgment information in response to a 1^* re- 
transmission is also possible and causes a further transmission of supplementary information 
designated as 2"** re-transmission and so on. According to an embodiment of the present 
invention, the transmission power of the i-th re-transmission is varied in comparison to the 

20 transmission power of flie 1** transndssion. The variation is performed by supplying an i-th re- 
transmission adjustment power factor Picmd to the coding component 210. The i-th re- 
transmission adjustment power factor Picmd is applied on the one or more physical data channels 
(DPDCHs) in case an i-th re-transmission is coded (channelized and spread). An embodiment of 
the coding component allowing to apply an i-fli re-transmission adjustment power factor Picmd is 

25 described in detail with reference to Fig. 2. 

In order to allow the mobile communication device to for determine an i-th re-transmission 
adjustment power command and apply this i-th re-transmission adjustment power command on 
an i-th re-transmission a set of M ACK/NACK information received during a re-transmission 
30 power adjustment evaluation period by the mobile communication device is forwarded to an 
evaluation component. The evaluation component is able to determine the first error quantity Ni 
and the second error quantity Ki firom the set of M ACK/NACK information (compare operation 
S105 or S205 shown in Fig. 3 and Fig. 4b, respectively). Further, the evaluation component 230 
checks an absolute difference between an OTor ratio being a quotient of the second error quantity 
Ki and the first error quantity Ni and a pre-defined target error rate. In case the absolute 
difference is below a pre-defined level a currentiy valid i-th re-transmission adjustment power 
factor Picmd is maintained for being applied to the transmission power of an i-tih re-transmission. 
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In case the absolute dijBEerence exceeds the pre-defined level an i-th re-transmission adjustment 
power correction value APi is to be determined. The i-th re-transmission adjustment power 
, correction value APi is jfinally combined with the currently valid i-th re-transmission adjustment 
5 power factor Picmd in order to obtain a new i-th re-transndssion adjustment power factor Picmd^iew 
to be applied to the coding component 210. 

The component 240 for determining the i-th re-transmission adjustment power correction value 
APi compares the error ratio (calculated from the first error quantity Ni and the second error 

10 quantity Ki) and the pre-defined target error ratio. The error ratio calculated firom the first snox 
quantity Ni and the second error quantity Ki can be understood to be an i-th firame error ratio 
relating to the i-th re-transmissions (FERi). In case the error ratio is greater the i-th firame error 
ratio is to be decreased to approach the pre-defined target error ratio which is reached by 
increasing the i-th re-transmission adjustment power factor Picmd- In case the error ratio is smaller 

15 the i-th firame error ratio is to be increased to approach the pre-defined target error ratio which is 
reached by decreasing the i-th re-transmission adjustment power factor Picmd- A corresponding i- 
th re-transmission adjustment power correction value APi is determined by the determining 
component 240. The determining of the is based on operations S120, S125, S145 and operations 
S220 shown in Fig. 2 and in Fig. 4b, respectively. 

20 

The i-th re-transmission adjustment power correction value APi is supplied to a component for 
detemiining a new i-th re-transmission adjustment power factor Picmd. The new i-th re- 
transmission adjustment power fsactor Picmd.new has to fiilfill boundary conditions, i.e. the i-th re- 
transmission adjustment power factor Picmd is limited to a maximum factor and a minirmiTn 

25 factor. The maximum value is a factor value equal to one corresponding to a transmission power 
of an i-th re-transmission equal to a transmission power of a 1^ transmission. The minimnTn 
factor is determined by a pre-defined factor depending on the system. In case the riew i-th re- 
transmission adjustment power factor Picmd,new do not fixlfiU the boundary conditions the new i-th 
re-transmission adjustment power factor Picmd,new is set to the respective boundary condition 

30 which it does not fiilfill (compare operations S130, S150 in Fig. 2 and operations S230, S240 in 
Fig. 4b). Finally the new i-th re-transmission adjustment power factor Picrod.new is supplied to the 
coding component for being operable with i-th re-transmissions. 

As aforementioned, a couple of automatic repeat request (ARQ) schemes and especially hybrid 
35 automatic repeat request (H-ARQ) schemes are available and employed for enhancing the overall 
transmission quality in wireless communications and cellular wireless communications. The 
power adjustment control method described in detail above with reference to embodiments of the 
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invention may be suitable to be particularly implemented in conjunction with H-ARQ type I with 
chase combining, H-ARQ type n with full incremental redundancy (fiiU IR) and H-ARQ type IE 
with partial incremental redundancy (partial IR). Naturally, the above defined listing of suitable 
ARQ schemes should not limit the invration thereto since those skilled in the art will recognize 
5 that the method according to an embodiment of the invention will enhance the functionality of 
further and future (adopted or related) ARQ schemes resulting in a more efficient transmission 
error handling and resulting thereto in an enhance overall quality of service (QoS) of 
communications. 

10 It is to be understood that even though numerous characteristics and advantages of various 
embodiments of the present invention have been set forth in the foregoing description, together 
with details of the structure and functions of various embodiments of the invention, this 
disclosure is illustrative only, and changes may be made in detail, especially in matter of the 
structure and arrangements of parts within the principles of the present invention to the full 

15 extend indicated by the broad general meaning of the terms in which the appended claims are 
expressed. For example, the particular elements may vary depending on the particular application 
for the mobile terminal device while maintaining substantially the same functionality without 
departing fix>m the scope and the spirit of the present invention. Further, altbough the invention 
has been illustrated as implemented in operational sequences, those skilled in the art will 

20 recognize that the invention may be implemented in any hardware, software or hybrid systems. 



